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Abstract

This paper examines the output effect of an adreatadtax of undifferentiated oligopolistic firms
in the Weber-Moses triangle. It shows that an iaseein the ad-valorem tax will increase each
firm’s output but may increase the number of firansd total output of firms if the inverse
demand function is linear, concave or not too canvihis result is different from the well-
known Tanaka’s result in the non-spatial econormyndicates that oligopolistic firm’s location
decision has important influence on the impachefad-valorem tax on the number of firms and
total output of undifferentiated oligopoly.
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1. Introduction

In his well-known paper©On the effects of commodity tax under free el!§93), Tanaka
investigated the effects of an ad-valorem tax otputuper firm, the number of firms and total
output of undifferentiated oligopolistic firms witlhee entry. Under the assumptions that (1) N
identical firms produce a homogenous good and ntadernot-Nash conjectures about their
rivals’ production decisions; (2) firms are freednter and leave the industry; (3) the sufficient
second order conditions and the stability condgiare satisfied, Tanaka obtained the following
remarkable result:
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An increase in the ad-valorem commodity tax witk@ase output per firm, decrease the
number of firms and decrease total output of olgigtic firms if the inverse demand
function is linear, concave or not too conv€kanaka, 1993, pp. 45-46).

This result is different from that of the specifax case, Besley (1989). It is frequently cited in
the formal study of public finance, trade and markpscience, e.g., Okuguchi and Yamazaki
(1994), Ushio (2000), Allen, Eagle and Rose (206®)wever, this result is based on the non-
spatial setting in which resource providers, corsismand producers are settled at the
oligopolistic firm’s location and transportation ste are negligible. The real economy is
characterized by a spatial dispersion of resounwigers, consumers and producers over
geographic space with trade among them always rimgutransport costs. Thus, it would be
interesting to examine the effects of an ad-valotarmon output per firm, the number of firms
and total output of undifferentiated oligopolisfilans in a spatial setting.

The purpose of this note is to fill this gap. Itpégitly incorporates oligopolistic market
structure into the familiar Weber-Moses triangutaration model, Moses (1958), and examines
the effects of an ad-valorem tax on output per fitme number of firms and total output of firms.
This model is identical to the model used by SKR91.3) in which Shieh investigates the impact
of an ad-valorem tax on the location decision ajapolistic firm. In this note, we will use the
same model to reexamine the well-known Tanaka mitipa. It will be shown that the Tanaka
proposition may not hold in the oligopolistic loicat model. Although our analysis is based on a
simplified location model, it will shed some lighh the output and location effects of the ad-
valorem tax in a spatial economy.

2. Output effect of an ad-valorem tax

Following Mai and Hwang (1992) and Shieh (2013), assume thalN firms employ two
transportable inputsy andm, located atA andB in Figure 1 to produce a homogenous product
() which is sold in the output markét Each firm is interested in finding the optimunamu
location E. In the figure, the distana@andb and the angle/2 >y > 0 are given. Assume further
that (1) the N firms are identical and symmetr), they make Cournot-Nash conjectures about
their rivals’ production and location decisions) {Be production function is homothetic. Thus,
the profit-maximizing production-location decisiohthe representative firm can be formulated
as:

max'1 = [P(Q)-rh]q—C(q; h, 6) —tP(Q)q 1)

whereQ =Y q s the market quantity demandez{g; h, 6) = c(wy+r 121, WotT 22)H(0), z = (&°
+ h? = 2ahco8)'?, z, = [b? + h? — 2bhcosg6)]¥* wy, andw, are the base prices of, andmy, at
their sourcesr, r; andr, are constant transportation ratesgpfmy, mp; z, z, andh are the
distances from the plant location to two sourcation verticesA, B and the market location
vertex:C." P(Q)is inverse demand function for outpBt = dP/6Q < 0,Pg + qPgqo < 0, Mai and
Hwang (1992, p.258)= the ad-valorem tax raté>t > 0. It should be noted that:

! Applying the constrained cost minimization anayand using the property of homothetic productiamcfion, we
can deriveC(q; h, ) = c(wi+r 123, Wo+r ,2,)H(0). For details, see Shieh (2013, p.8).
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N
> denotes’, whereN = number of firms.
i=1

Figure 1. The Weber-Moses Triangle
C

B

The first-order conditions for this profit maximtian are derivable as follows:

@Hloq) = (1—9(P + Poq) —rh - (6, h)Hq(g) = 0 2)
011186) = - cH(g) = 0 3)
17/6h) = -rq - cyH(q) = 0 (4)

wherecy = oc(.)/00, ¢, = oc(.)/oh. If the entry and exit of firms is free, the zgmofit condition
determines the equilibrium number of firms endogeshyn

1T=[P(Ng) —rh]q —c(.)H(q) —tP(Ng)q =0 (5)

If there is an interior solution, we can solve dqures (2) — (5) fog, 4, h andN in terms of.
Next, we examine the effects of an ad-valorem tageu two different cases: (1) the plant
location is predetermined and (2) the plant locaisoa decision variable.

2.1.6 andh are given

In this case, the location variablésandh are held constant. Eqs (3) and (4) should be aapp
Applying the standard comparative static analyisgs, totally differentiating equations (2) and
(5) and using Cramer’s rule, we obtain:

(@a/ot)n = (LII(1- oS (6)
(ON/t)an = (@I)(1 —)[P((Pq + qPqq) + {Pq - [1/(1 — )(.)Hqg}) - (N - 1S (7)
0QIt)an = N(Og/at) + q(aN/at) =
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=@?13)(1 —)(P{Pq — [1/(1 —)Ic(Hag} + Po(P +qPg)) (8)
J FlgqlIy - Hgnllg =
= (1 4)°0°Po((Pq + qPqq) + {Pq — [1/(1 ~t)]c(.)Hag}) 9)

where P + gPg) =marginal revenue > 0 and S :QfP— PRy > O if the inverse demand
function is linear Pog = 0), concaveRoq < 0) or not too convex IR?/P) > Pog > 0]. Assume
that Pq + gPqg) < 0,Pq — [1/(1 —t)]c(.)Hqq < O, (Seade 1980a, p. 483; Tanaka 1993, pp. 44-45)
andIly, < 0 (Seade 1980b). Hence J > 0 and the stabditgitions are mef.
Egs (6)-(9) show that:

An increase in the ad-valorem tax will increasepotitper firm, decrease the number of firms
and decrease total output of oligopolistic firmshé inverse demand function is linear, concave
or not too convex.

This result is consistent with the Tanaka resulthi@ non-spatial economy. It indicates the
well-known Tanaka proposition can be applied togpatial economy when the plant location is
given.

2.2.0 andh are variables

In this case,@ and h are decision variables. Totally differentiatinguatjons (2) — (5) and
applying Cramer’s rule, we obtain:

(0010t) = (1D4)(1 - o’ Honcrf[ H(a)/a] — H} S (10)
(@h/et) = (-1D4)(1 - O’ ITyecef[ H(G)/a] — Hgt S (11)
©g/ét) = (Do/D4)(L — DS 2J1

EN/a) = (AD2/Da)({(1 - HIP((Pq + qPaq) + {Po - [1/(1 — B]c(.)Huh) - (N — 1)aS]h

- (UB)PLppl 1) (13)

0Q/at) = N(og/at) + q(aN/at)
=o’D2/Ds)({(1 - t)[';’{ Po —[1/(1 - t)]c()Hqat + Po(P + qPQ)]}
— (VB (PelTyrd) a1

wherellgn = - chyH(Q); 1o = - CooH(Q); Ign = Ch{[ H(a)/a] — Haa}; D2 = ol Thn - Ix? andD, are
the relevant Hessian determinant. It should bedthat /7, < 0, D, > 0 andD4 > 0 by the
stability conditions (Dixit, 1986, p. 1173, < O can be seen from equation (4) aH@)/q] — Hq
> 0 is due to increasing returns to scale (foriles@e Hwang, Mai and Shieh (2007)).

It is clear that the sign obg/ct) crucially depends upon the shape of market derfiamation.
In the case where the inverse demand functiomesati concave or not too convex, i$> O,
from (12), we obtaindg/ct) > 0. In other words, an increase in the ad-vafotax will increase
output per firm.

2 One referee suggests that we also examine thectnopad-valorem taxes on final pricedP(ét) as most of tax
incidence papers, for example, Delipalla and Ke&892). Since our model involves location decisidmsa

heterogeneous cost space, it is much easy to sdéefiact of ad-valorem taxes on output and thentpéation.

We appreciate referee’s valuable suggestion arguisue this in our next project.
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Next, we turn to the effect of an increase in thdevalorem tax on equilibrium number of
undifferentiated oligopolistic firms. If S > 0, flo Eq. (13), we can see the sign dlfot) can’t
be a priori determined becauset®{(Pq + Pood) + [(1/(14)] c(.)Hqql} - (N—1)Q9 < 0, and —
(1/D,)PIyolly > 0. However, we can show

@EN/3t) > (<) O,
as - (1 )[P((Pq + aPqq) — {Pq - [1/(1 — () Hag)) - (N — 1)0S]< (>) — (1/Do)PIIyellqs” (15)

In other words, an increase in the ad-valorem tay mcrease the number of undifferentiated
firms even if the inverse demand function is lineancave or not too convex, i.8.3 0.

This result is different from that of Tanaka (1998) the non-spatial setting, the demand
effect, (14)[(P{(Pq + Pood) + [(1/(14)] c(.)Hgdl}) - (N - 1)g9] < O, thus gN/ot)s < O. In the
Weber-Moses triangle, if S > 0, thetgfot) > 0 and gh/ot) < 0. The oligopolistic firm will move
its plant location closer to the CBD and save fpanstion costs. If this location effect, -
P(Hggnqhz )/D, > 0, dominates the demand effect. The firm’s ecwingrofit rises and new firms
will enter. Thus, the number of firms will increase., ON/ct) > 0.

Finally, we consider the effect of an increase he td-valorem tax on total output of
oligopoly. From Eg. (14), we obtain:

eQler) > (<) O,
as - L~ t{P{Pq— [1/(1 ~)F(.)Had} + Po(P +APQ)] < (>) — (1D2)PHplTen’ (16)

In other words, an increase in the ad-valorem tay mcrease total output of oligopolistic
firms. This result is also different from that oaffaka (1993). In the non-spatial setting, the
demand effect,1( — t)[P{Pq — [1/(1 —t)]c(.)Hyq} + Po(P + qPg)]< 0, thus §Q/ot)sn < 0. In the
Weber-Moses triangle, if S > 0, thefg(ot) > 0 and gh/ot) < 0. An increase in the ad-valorem
tax will move the firm’s location closer to the CB&hd save transportation costs. When the
economic profit rises, new firms will enter andaladutput will increase.

3. Concluding remarks

We have examined the effects of an ad-valorem taguiput per firm, the number of firms and
total output of undifferentiated oligopolistic fisxin the Weber-Moses triangle. In the case where
the market demand function is linear, concave otow convex, we show that an increase in the
ad-valorem tax will cause each firm’s output tcseaand move the plant location close to CBD.
This result indicates Tanaka’s proposition thatiraerease in an ad-valorem tax will increase
output per firm holds in the spatial setting. Wetlier demonstrate that an increase in the ad-
valorem tax will increase the number of firms aothlt output of firms if the location effect
dominates the demand effect. This result is diffeieom Tanaka’s result in the non-spatial
economy. Our investigation shows that the locatleaision has very important influence on the
impact of the ad-valorem tax on total output and thumber of firms of undifferentiated
oligopoly with free entry.

Acknowledgements$.am grateful to three anonymous referees for thaiuable comments and suggestions. | also
like to thank Professor X. Henery Wang for helpfoimments at an earlier stage of this research. rAmaining
errors are mine.
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